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What is System Engineering 


♦ Systems engineering is a methodical, disciplined approach for the 
design, realization, technical management, operations, and retirement 
of a system. 

♦ A “system” is a construct or collection of different elements that 
together produce results not obtainable by the elements alone. 

♦ The elements, or parts, can include people, hard- ware, software, 
facilities, policies, and documents; that is, all things required to 
produce system-level results. 

♦ The results include system-level qualities, properties, characteristics, 
functions, behavior, and performance. The value added by the system 
as a whole, beyond that contributed independently by the parts, is 
primarily created by the relationship among the parts; that is, 

• how they are interconnected. 1 It is a way of looking at the “big picture” when 
making technical decisions. 

• It is a way of achieving stakeholder functional, physical, and operational 
performance requirements in the intended use environment over the planned life 
of the systems. 

♦ In other words, systems engineering is a logical way of thinking 
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One of the fundamental concepts 
used within NASA for the 
management of major systems is 
the program/project life cycle 

•Decomposing the project life 
cycle into phases organizes 
the entire process into more 
manageable pieces. 

•Each phase terminate with a 
Key decision point (KDP). 

•KDP are supported by major 
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Project Phases 
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fleering spasteLLv program*. 

3.5 Project Phase B: Preliminary 
De-sign and Technology 
Completion 

L Hiring PIum* LV .Ki.v.rk* ill* pcLioLnacd 10 oiaNUh 
an miital proj eel kwclinL-. ivb.icb '.According In >■' L J bt 
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complete sel of system and subsysfem design speci- 
lotions lo: bo Lb. [Light and ground. dementi ind 
'conespondiny prelim in.iry deskm*." Lhe Lcch ltll .1 1 

re^-baiLcnu should he sullicienllv detailed to estab- 
lish turn schedule and cost estimate* lor Lhe ycoiecL. 
LL .1 1 so sho u]d be noted. esp« i .1 1 lv tor Hl)-d livcli p:oj - 
ects, th.n t^hise Li is where Lhe Lop-k.-’wl LapirvriGerjLs 
.ind the r.^uiL'L L menis flout'd down Lo Lb.e iickl Level 
,irv tiiul Sued and placed '_ndcL configuration 1:011- 
ird. ’t'hile lhe resj'CiromeLtls should he baselined in 
bh.iscH. I hi.n. -i n_- j ust enough changes resulting from 
Lhe Lradc studies and .111,1 lyse* in I .He L J h.iseH and 
early bho.se Li ihiL changes are imiviLobk LJooeve r, hy 
mid-L^ha^e Li, Lhe Lop- level leuuirvnients should be li- 
lt .liked.. 

.■'ll L'-C-LL y. Lhe J'hase h baseline consists ot a collection 
of evolving haselmes cover! Lig technical and h usi ness 
aspect* of Lhe project : system land subsystem) ll*- 
lyairemeLiLs and sped tie aL.on*, designs, s e ri tie .1 lion 
.ind operations pi .ins, and so on in the technical por- 
tion iif the baseline, .ind schedules, cost projee Lions, 
.ind management plans in Lhe business pcrLion Jls- 
Lah I is him; 111 of baselines implies Lhe Liupkment.il Lon 
o: configuration uuiiigauenL procedures '’See See- 
L.OH 6,j. * 

Ln Phase B, the ell'orL shifts to esLahlishing .1 tunctlon- 
.lllyeoLiipleie preliminary design solution 1 i e.. a I'uiil- 
lioiul baseline I LhaL meets mission goals md. objec- 
tives. Trade studies conlUiue. Jn Lei -taces among lhe 


Phase i>; Preliminary Design and 
IfiftinoldgyCdimpletlion 

Purpose 

To define the project in Enough detail to establish an 

initial bis e 1 me capable of meeting mis Eton needs 

Typical Activities and Their Products 

* Baseline the project plan 

* Review and update document devdop-ed and 
barelm&d in PhaieA 

* develop science/exploration operatic 15. plan baaed 

on matured ConOps 

* Update engineering specialty plans te.g., contami- 
nation control ptan, electromagnetic (Titerf-arenc^ 
electromagnetic compatibility control plan, teliabil- 
ity plan, quality control p an. parts management 
plan) 

* Update technology maturation planning 

* Report technology development results 

* Update risk management plan 

+ Update cost and schedule data 

* Finalize and approve top-level re-qurremenls and 
duwdown to the next level of requirements 

* Establtsh and baseline dragn-to 'pecifications 
{hardware and software) and drawings, verification 
and validation plans, and interface documents at 
lower levels 

* Perfot m and a rchwe trade studies' results 

* Perform design analyses and report results 

« Conduct engineering development tests 2nd re- 
port results 

t Select a b a sell ne design solution 

4 Baseline 3 pnelrmmary design report 

* [>efine internal and sterna) interface design solu- 
tions Je.g„ interface control ciocuments) 

* Define system operations as well as PPcontract pro- 
posal management, review, and access and contin- 
gency planning 

* Develop appropnate level safety data package 

* Develop preliminary orbital debris assessment 

* Perform required Phase B technical activities from 
NPR 7120.5 

+ Satisfy Phase B reviews’ entrance/success enteria 
framNPR 7U2X 

R eviews 

* PDR 

* Safety review 


• Project is divided into two major life 
cycle phases 

• Formulation 

• Implementation 

• Each major phases are divided into 
project life cycle phases 

• Pre-Phase A 

• Phase A-E 

• Each phase has a purpose and 
a goal to achieve at the end of 
cycle 

• At the end of each phase a 
major review is performed to 
determined the completion of the 
phase 
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Major reviews 
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Lhc rvvLev. 
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Table 6.7-0 FD! Entrance and S ueces-s Criteria 


Preliminary Design Review 


Entrance Criteria 

Success Criteria 


Sucas-tL cqit cation or t n ?iDR-3f MDRand ^EponiaEnnadE to all 
SfJR :-r MDR A.$ and TlCi.ar a tiney f-Siura plan suits Far tho;e 
renj - -g open. 

" pr Elun -ary PDA age-ea.iiifceEiC'tier a.-arachi-geiothE board 
havE been agree-: :o by fa rethnital team, project manager .a"-: 
review thair Ersft o 'Cfi . 

rOfi tEchnical prrc.cti ie:« below for bot" hindwars and sortwiie 
s>itarv e arvants haw MEn rvada ava ablE t&t"e-r-3gniiant partici- 
pants prior to the r ewe*' 

a. Legate d basal inEd dosLine-tition. as tk j tk. 
b Irel minary s „ c-iyiton d eiign ipeoiri caho ns f-z-r &ac " confvg „ 'ition 
itenr ■-arawareaH iottwarEi. wit" iLc poT "j tradeoff i"alyieE 
nnd iata. as te^u irE d. Th-a prE linr "#j ?ggn aivaahel -ai 

should ”c udea-rznnplEtn deFnnon ot thE szft'.vara arc" tectm? 
an d a p rel inrmiv ■: jtabasE dEsi gn description as ;cc cabl e. 
c Updated t ec hr>zlogv ■: ev Elopne-: niturr^ see eiErmant plan, 
d Lcaate d r ;b f nse a nsn: and nrngitia n. 
e. Lccate d cc:t and schEdule cata. 

F. Lpzate d I ^5 ;tic= docLne"tit zn, as re-: - ire: 
g ipplica b s t-echn lal plans - E.g , tEchnic al pe-lorni-ce t lEisure - 
ne~: plan, CD~tiiiina:ionC'Zn:rol :■ an. carts nri"agEnrant :■ an. 

En vir 3M14" :s -rsntro :■ an. E^I-'E^C cant rsl pk". payl^a-3 -:o -car- 
rar ntegret pU~, pr« u : p tsi'nanofacturability pro-gram c- an. 
rel labilry prog ran plan, quality asaurancE planj. 
h applicabEEtandt-di 
1. SarEty ana v;es and plans 
j En ginEe' "g draw " : :ree. 

k. IntrfacE contTil doonie":i 
I 'terficnon and ifalidit-zn plan. 

n. Ml* s t respond to rEgu la: or j (eg .. hatio"a I Enviro ~ t lEntal Po a 
-ct; requirement i, as ■’equ -?d 
n Dcposacan. 

d Technoal 'OEQurcE ut liiat z" eittnrataE and nrarg ~i. 
p Systen-lEva I esIe :y l- l >m 
q Msl minary LU . 


ThE top-1 ecoI ■equ i9ne n t5.— mo n g m z- n 

success criNri.i,TF V.5. and »r.y sponsor- uposod c-an- 
EtraintE— c'ieag'ieEdupon.nnali:Ed. E:a:e: clearly, 
and consiEte"-: wt" :he pro minary design. 

2 . ThE fla'idosvn of wrifer a raquirenr ents is o orv p- e tE 
and cr-ner or. if *■>:, an ade: -ite can ajsist; For 
t Tiey isiolutic" of -^:en tens RequireiiErtsaie 

t'c™ableta nriiEior goals i m i object vis, 

i. ThE preliminary de sign ; E*cectEd 1 0 mEet :h e 
raquiranent; at an accEptable eve -:f r:k. 

■1 . Dafi " t -an &F the te-cmc a inceiaces is cans ;t En t 
tvrh tha ^Erall Technical matu'tyan': cowdo; an 
accEptable eve :i r;k. 

S . "deou ite tech" ce I "te rfo.ee s ea ns ;t en : w th thE 

overall technical nraLn:ya"z provide l- acceptable 
level:' r sk. 

i. . "deou ate tech" ce I margins ox ;t wh rEiOECt to 
TPWe. 

1. eny raqu ira d nEw tec h ~ -5 zgy lias dee- devElQp« 
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EBisli"-: i’esupportEd to make then awaca 
aHErnative 

* . TTie projEc: nsx; nr- undEr stood a nd h a w beEn 
credibly as;e;sed.i"-= rla*;. e r'acets. and res:urcES 
eicisI :q ErFe oti vely manage them. 

i . SMR fE.g^ saP^rs'. te ha 0 na "ti -.ability, qu airy, 
and =E£ parts - "i; be4n edEquatey eddresaEd in pre- 
liminary designs a~c i~ye.ee- cable SAtt prez-cts 
le g..PR-, Ey;tEm safety analysis* and Fa lu'e modEi 
and ^fleets analy^iEj be^n approved. 

IlI. ThE ope'itional conoECTis:ec"nica y soir-:. 
in-c U C5E ^heeapprzp natel huma" fact ora. and 
inc ui= c . rhe f I o*do*tt oF rez uireniE n: s f o r i:s t s ecu- 

t'Z". 


• Each major review has a purpose 
and a goal 

• An entry and exit criteria are 
defined before the review is 
performed to assess the 
acceptance of the review 

• Typically this reviews are 
performed by the team/project 
presenting to a board 

•The Board is the entity that 
determine the success of the 
review and approving the 
completion of the current life cycle 
phase and approving to move into 
the next phase 
•The board is composed of 
experts, managers, etc. 
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Documents 


♦ NASA Space Flight Program and Project Management 
Requirements, NPR 7120.5D 

• http://nodis.hq.nasa.gov/npg_img/N_PR_71 20_005D_/N_PR_7120_005D_.p 
df 

♦ NASA System Engineering Process and Requirements, NPR 
7123.1A 

• http://nodis3.gsfc.nasa.gov/npg_img/N_PR_7123_001A_/N_PR_7123_001A 
_.pdf 

♦ NASA System Engineering Handbook, SP-2007-6105, 

• http://education.ksc.nasa.gov/esmdspacegrant/Documents/NASA%20SP- 
2007-61 05%20Rev%201 %20Final%2031 Dec2007.pdf 


